Background: Low birth weight (LBW) is a well-known factor associated with neonatal mortality and has contributed to a range of poor health outcomes. Thus, the objective of this study was to determine factors associated with LBW infants. Methods: A matched case control study was conducted in Universiti Kebangsaan Malaysia. Data of deliveries were obtained from Total Hospital Information System and medical records. All registered deliveries from January to June 2012 were used as sample populations. There were 180 pairs of cases and controls matched on babies' gender. Fourteen variables were analyzed: maternal age, ethnicity, gravida, parity, gestational age, maternal booking weight, height and body mass index (BMI), history of low birth weight infants, birth interval, booking hemoglobin levels, hypertension, diabetes mellitus and mode of delivery. 
Introduction
Birth weight is the first weight of the fetus or newborn obtained soon after the birth. It should be ideally measured within the first hour of life to avoid significant postnatal weight loss occurring. Low birth weight (LBW) is defined as weight at birth of less than 2500 gram while very low birth weight (VLBW) is defined as birth weight of less than 1500 grams. It is primarily resulted from either prematurity (birth before 37 weeks of gestation) or intrauterine growth restriction (IUGR) [1] .
The World Health Organization (WHO) has reported that the prevalence of low birth weight infants is 15.5% or approximately 20 million of all births and common in developing countries. The LBW rate was 16.5% in developing countries and 7% in developed countries. Half of all LBW infants are born in South Central Asia and more than 27% of all neonates in these countries are LBW [1] .
Low birth weight is a known factor associated with neonatal mortality and morbidity and has contributed to a range of poor health outcomes. LBW contributes to growth impairment and poor cognitive development. Infant of LBW has potential to develop chronic diseases later in life. Low birth weight is now known to be associated with increased rates of coronary heart disease and the related disorders, stroke, hypertension and adult-onset diabetes [2] [3] . A study done in India found that the prevalence of VLBW infants was 4% -7% of all live births and contributed to nearly 30% of early neonatal death [4] . For Malaysia, low birth weight infants contributed to 74.8% of all infant deaths, with the highest death rate being among Indians, followed by Malays, and Chinese, respectively [5] .
The LBW rate is a good health indicator of public health problem including long-term maternal malnutrition, ill health and poor health care. Low birth weight is an important predictor of newborn health and survival. Based on epidemiological observations, low birth weight infants are 20 times likely to develop complications compared to heavier babies [1] . LBW together with preterm delivery has also been recognized as a strong biological predictor of unfavorable developmental outcomes [6] . Among the health disadvantages associated with low birth weight, there were cognitive deficits, motor delays, cerebral palsy, and other behavioral and psychological problems [7] [8] .
Many studies have identified prevalence and risk factors associated with low birth weight worldwide. A recent study done in Pakistan has reported that teenage mother, low maternal education, poor antenatal care, maternal anemia, and pregnancy-induced medical ailments have a strong association with low birth weight [9] . Extreme maternal age (less than 18 years old and more than 35 years old) and lower parity have shown significant association with low birth weight infants [10] . A number of studies have shown correlates of antenatal care, parity, inter pregnancy interval, gestational weight and bad obstetric history with occurrence of low birth weight infants [11] - [15] .
A study conducted in one of tertiary hospitals in Malaysia showed an association of older age (35 years and above), low pre-pregnancy BMI (<20 Kg/m 2 ), parity of 4 and above, Indian origin, economically under privileged, and abnormal blood pressure as risk factors associated with low birth weight [16] . A study done in secondary hospital in Malaysia revealed that the prevalence of low birth weight infants was 12.6% in year 2006 and the significant risk factors associated were gestational age, maternal pre-pregnancy weight, nulliparity, previous history of low birth weight infants and pregnancy-induced hypertension during current pregnancy [17] .
Many efforts have been done to study on the epidemiology of low birth weight, but the prevalence of LBW infants in Malaysia is still remained between 11 -14 percent for the last 12 years. An old study done in 1991 at Kuala Lumpur Hospital reported that the prevalence of LBW was 13.5% [5] while recent study in Seremban Hospital showed a prevalence of low birth weight infants of 13.96% in 2008 [16] . However, those were institutional-based study. The prevalence of LBW in Malaysian population was 11.1% in 2011 [18] . This plateau prevalence pattern calls for further studies to be done in identifying the root causes as LBW is still remain a significant health problem.
The goal of reducing low birth weight incidence by at least one third between 2000 and 2010 is one of the major goals in "A World Fit for Children", the Declaration and Plan of Action adopted at the United Nations General Assembly Special Session on Children in 2002 [1] . The reduction of low birth weight is an important contribution to the achievement of Millennium Development Goal (MDG) for reducing child mortality. Activities towards the achievement of the MDGs will need to ensure a healthy start in life for children by making that women commence pregnancy healthy, well nourished, and go through pregnancy and childbirth safely. Low birth weight is therefore an important indicator for monitoring progress towards this internationally agreed-upon goal.
As a public health priority and the importance to prevent the occurrence of low birth weight infants, this study aims to identify factors associated with low birth weight infants in UKMMC. By identifying the predictors of the low birth weight, preventive action can be taken to reduce the number of neonatal death and morbidity associated with low birth weight.
Material and Methods
A matched case control study was conducted at UKMMC in Kuala Lumpur, Malaysia. List and data of deliveries were obtained from Total Hospital Information System (THIS). Ethical approval was obtained from Universiti Kebangsaan Malaysia Research Ethics Committee (UKMREC) and was conducted in accordance to Good Clinical Practice (GCP) requirements.
All registered deliveries from January 2012 to June 2012 were used as sample population with a total of 3214 infants. Among them, 356 infants were delivered with low birth weight. Infants born with unknown gestational age (n = 2), multiple pregnancy (n = 82), ambiguous or unknown genitalia (n = 8) and stillbirth (n = 19) were excluded from this study. We also excluded infants delivered by non-citizen mother (n = 161) and unknown maternal age (n = 8).
There were a total of 2934 eligible samples with 279 low birth weight infants. By using simple random sampling by SPSS, 180 infants with low birth weight were taken as cases. For each case of low birth weight infant identified, one control infant was selected randomly using SPSS random sampling from all infants with birth weight of >2500 grams born on the same period in the hospital. The control was matched with babies' sex.
The data information gathered from THIS were reconfirmed and additional data taken by retrieving maternal health records. Information obtained was entered into a standardized data sheet. The data sheet included the following information: maternal socio demographic and obstetrics information including age, ethnic group, height and weight at booking, gravid and parity, hemoglobin level at booking, history of low birth weight, medical problems, birth interval and illness during pregnancy. Information on infants was infant's birth weight, gestational age, gender and modes of delivery.
Maternal age was defined as age of the mother at the time of delivery. Race was based as recorded in the medical record. Maternal pre-pregnancy height (in cm) and weight (in Kg) were based on first maternal antenatal record during the first trimester or at hospital antenatal booking. Mothers' height was categorized into short stature (≤145 cm) and normal height if more than 145 cm as written in the mother's antenatal home based card. Body mass index (BMI) was calculated and classified according to World Health Organization classification [19] . Gravida was defined as the number of all previous pregnancies including abortion and stillbirths. Hemoglobin (Hb) level at booking was used.
Mother's medical illness was based on diagnosis written in the THIS and confirmed by information gathered from the medical health record. Medical problems and illness during pregnancy were recorded based on classification in International Code of Disease (ICD) 10 th revision [20] . Hypertension in this study was defined as all hypertensive related illnesses which include essential hypertension, gestational hypertension, pre-eclampsia and eclampsia. Diabetes mellitus (DM) was defined as pre existing DM and gestational DM.
Birth interval was defined as the period between previous delivery and recent conception. The birth interval was calculated in years and were group into ≥2 years and <2 two years as written in the maternal home based card. History of LBW infants was defined as maternal history delivering LBW infants. Infant's gestational age was based on gestational age written in the medical record. Prematurity was defined as birth before completed 37 weeks of gestation. Mode of delivery was classified as vaginal delivery (including spontaneous vertex delivery, breech delivery and instrumental delivery or lower segment caesarean section (LSCS)). The mode of delivery is not contributed to LBW. However, birth weight normally determines the mode of delivery.
To determine the sample size, a power analysis for dichotomous variables was conducted in Power and Sample Size (PS) software version 3.0.43 following Dupont [21] . Assuming the proportion of infants with low birth weight in nulliparous mother to be 39.1% [10] , a sample size of at least 152 in each group was needed to detect an odds ratio of 3.4 at 95% level of confidence with a power of 90% (two tails). As a result, 360 samples (180 cases and 180 controls) were taken as respondent with 1:1 matching according to babies' sex.
The statistical package SPSS version 20 was used for data analysis. Potential risk factors between cases and controls were compared. To measure the association between LBW and the risk factors, we conducted McNe-mar's test for categorical matched paired data. The paired t test was used for comparison of continuous variables with normal distribution. Multivariable conditional logistic regression analysis was used to predict factors associated with low birth weight infants. Significant associations were taken at p values of less than 0.05 and 95% confidence interval.
Result
There were a total of 3214 infants delivered in University Kebangsaan Malaysia Medical Centre between January 2012 and June 2012. Among them, 356 infants were delivered with low birth weight giving a period prevalence of 11.08 percent. There were 180 subjects who met the definition for case group were selected and matched to controls based on the baby's gender.
Total samples in this study were 360 infants with 180 cases and 180 controls. Table 3 displays both concordant and discordant pairs for potential risk factors of low birth weight and the associations using McNemar test. Significant association was identified between LBW and prematurity (p < 0.001), history of low birth weight baby (p = 0.001) and hypertension (p = 0.008). It was found that mode of delivery (p < 0.005) showed significant finding but actually the birth weight of the baby predicted the mode of delivery. Other risk factors such as race, gravid, parity, short stature, inter pregnancy interval, hypertension and Diabetes Mellitus were not found statistically significant.
To determine factors significantly contributed as predictors of LBW infants, exploratory multivariable conditional logistic regression analysis ( Table 4) was conducted for matched pair data stratified by subjects. Result from backward stepwise conditional logistic regression, Omnibus Test of Model Coefficients indicated that maternal age, history of LBW, gestational age and hypertension were potentially important predictors of LBW (−2 Log Likelihood = 85.03, X 2 = 109.78, p < 0.001). Prematurity (born before completed 37 weeks of gestation) had 2.4 times at higher risk for LBW compared to term baby (born at ≥37 weeks of gestation) (adjusted OR 2.41, 95% CI 1.79 -3.26, p < 0.001) when adjusted for maternal age, history of LBW and hypertension. Younger mothers had 2.89 times the odds to have LBW baby (adjusted OR 2.89, 95% CI 1.86 -4.51, p < 0.001) when adjusted for history of previous LBW baby, gestational age and hypertension. A mother with history of LBW baby had a 3.74 times the odds to have LBW baby (adjusted OR 3.74, 95% CI 1.03 -13.58, p = 0.045) when adjusted for maternal age, gestational age and hypertension. Hypertensive mother had 4.52 times the odds compared to non-hypertensive mother (adjusted OR 4.52, 95% CI 1.06 -19.22, p = 0.041) when adjusted for maternal age, gestational age and history of LBW baby.
Discussion
The prevalence of LBW infants was 11.08% as identified in this study thus confirmed that LBW is still a major problem in Malaysia. Although it seem to be reducing trend compared to 13.96% (year 2008) in previous studies [16] , LBW is still remain a significant cause of morbidity and mortality among neonates and children [1] [4] [6]- [8] . This study showed the association between maternal socio demographic and obstetric factors on LBW infants in UKM Medical Center. Maternal age was found significantly associated with low birth weight infants. The younger age group is at risk of having LBW babies compared to older age group and this finding is consistent with other studies [10] [13] [22]- [24] . However, there were also studies reported that the older maternal age is at higher risk in getting LBW infants [16] . The explanation could relate to maternal nutritional depletion that presence normally in teenage pregnancy and older age group because of poor eating pattern. Increased risk of chronic disease such as hypertension, Diabetes Mellitus and heart disease for advanced maternal age required them to deliver preterm or their babies developed intrauterine growth restriction due to poor maternal health.
The relationship between maternal booking body mass index (BMI) and fetal growth is well known [13] [18] [23] . Lower maternal BMI showed higher risk to have LBW infants. A study done by Yu et al. 2013 in China found that pre-pregnancy underweight will increase the risk of small for gestational age (SGA) and LBW infants while pre-pregnancy overweight and obesity will increases the risk of large for gestational age (LGA), macrosomia, and subsequent offspring overweight/obesity [25] . This finding may suggest the role of genetic influence in having LBW infants thus promoting for further research on possible of genetic involvement.
Low gestational age is a risk factor contributing to LBW infants [13] [17] [23] [26] . Gestational age plays an important role in determining infants' birth weight. Infants who are delivered prematurely (less than 37 weeks) are at higher risk to have low birth weight infants. The World Health Organization estimated about one third of low birth weight infants is caused by prematurity. With advanced technology, the prevalence of prematurity infants survived are increasing thus increased the number of LBW infants. This is one of the reasons identified why the prevalence of low birth weight infants remain unchanged since years ago. Thus, it is much more important in preventing the birth of premature baby by identifying and managing the associated risk factors.
Maternal obstetric factors such as gravida, parity, history of low birth weight, short stature, mode of delivery, inter pregnancy interval and medical illness such as hypertension and diabetes also play an important role in delivering healthy infants. Result of this study has shown, mother with history of LBW infants are having 4 times risk to get LBW infant compared to mothers with no history of LBW. Other studies were also reporting the same findings in their populations [17] [22] .
Hypertensive mother had significant association with LBW infants in this study. Mother with essential hypertension, gestational hypertension, pre-eclampsia or eclampsia has 4.5 times higher risk for LBW infants. Gestational hypertension has a major influence on maternal and neonatal morbidity and mortality with approximately 6% -8% of all pregnancies is complicated by hypertensive disorders [27] . This condition can lead to a low birth weight for the baby or premature delivery which poses additional health risks to the child. If the hypertension becomes severe, it can lead to preeclampsia or eclampsia which can cause serious injuries or even death to both the mother and child. These results indicated that hypertensive disorders might play a critical role in the incidence of LBW as supported by other studies [17] [19] [28] . Evidence from earlier study showed that reduced placental blood flow leads to decreased fetal growth, with an increased risk of intrauterine growth restriction and low birth weight [29] .
Delivery using lower segment caesarian section (LSCS) was found to have more risk in developing LBW compared to infants delivered via vaginal delivery. However, this association should be interpreted with caution as most of the mother needs to deliver by LSCS were complicated cases. They may need to undergone emergency LSCS due to threatened maternal condition but still in premature gestation such as severe pre-eclampsia, eclampsia and bleeding placenta praevia.
In this study, when we proceed for multivariable conditional logistic regression, LSCS was not found to be significant. Other obstetric risk factors such as gravida, parity, short stature, birth interval and medical illness such as diabetes and anemia were significant in this study. Other studies have shown that primigravida was found to be significantly associated with LBW [16] [22] . There was inconsistency in relating parity to occurrence of low birth weight. Boo et al. (2008) identified nulliparity as risk factors for low birth weight but other studies concluded multiparity as the associating factor [10] [16] . Syed and Kamathi (2012) concluded that maternal height has a direct effect on the weight of the newborn and proposed that maternal short stature be identified as an independent risk factor for LBW [30] . However, systematic review and meta-analyses of 84 studies (64 cohorts and 20 case-control) confirms that obesity and overweight in women was not protective against having LBW baby [31] .
This study was unable to determine relationship between birth interval and LBW and has similarity with other study [17] . However, this factor cannot be excluded as one of the important predictors. There were few studies shown that birth interval had significant association with LBW [23] [32] . Instead, birth interval has become a major health promotion program strategy to improve mothers and children health in recent decades especially in developing countries. The birth interval has been reported to influence the outcome of pregnancy and birth. Too short and too long birth intervals have been associated with increased risk of a number of adverse perinatal outcomes, such as preterm birth, low birth weight, small size for gestational age, and perinatal death [33] .
Some limitations identified in this study. Data were captured from tertiary hospital which normally received complicated cases. About 5% of data were excluded for incompleteness after many attempts done for verification. There are also few variables such as other socio demographic characteristic such as maternal education level, paternal weight, smoking status of parents, occupation and drug ingestion that may have influence for LBW infants cannot be included in this study due to lacking of data. Exploring social determinants using population based study design would open up gaps in knowledge in this area.
Conclusion
Young maternal age, history of LBW infants, prematurity and having hypertension were identified as significant factors associated with LBW infants in UKMMC. This showed that these factors determine an important role for LBW infants. Therefore, the importance of pre-pregnancy screening, early antenatal booking and proper identification of high-risk mother needs to be strengthened and enforced in effort to reduce incidence of LBW infants. Efforts should focus on preventing or reducing incidence of pre-term delivery and hypertension (essential hypertension, gestational hypertension, pre-eclampsia and eclampsia) as these are recognized predictors for LBW infants. Effective health educations especially in promoting healthy wellbeing during pre-marital or prepregnancy care will help in detecting high-risk pregnancy that lead to LBW infants.
